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= (54) Title: TRANSDERMAL DRUG DELIVERY DEVICE 




^ (57) Abstract: A transdermal drug delivery device (100, 100') includes a cassette (104) and a lid (106) that is attachable to the 
^ cassette (104). The cassette (104) includes a first reservoir (110) for containing a drug (102) and microneedles (116). At least one 
^ of the microneedles (116) is in fluid communication with the first reservoir (110). The lid (104) includes a power source (114, 
^ 144) and an electronic device (138) configured to receive electrical eneigy generated from the power source (114, 144). The drug 
delivery device (100, 100') also includes a logic device (136) configured to selectively control delivery of the electrical energy to 

Othe electronic device (138), whereby delivery of the electrical energy causes the electronic device (138) to deliver the drug (102 ) 
c 



' contained in the first 
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TRANSDERMAL DRUG DELIVERY DEVICE 

CROSS-REFERENCE TO RELATED APPLICATION 

This application is related to commonly assigned and co-pending U.S. Patent Application 
5 Serial No. J j/GMff^ (Attorney Docket No. 200403784-1) entitled "Method For 
Dispensing Material Into A Drug Delivery Device", filed on even date herewith, the disclosure of 
which is hereby incorporated by reference in its entirety. 

BACKGROUND 

Various techniques are known for delivering drugs into humans and animals. A more 
10 common set of these techniques include orally delivered drugs, such as pills or capsules, 
transdermally delivered drugs, such as, syringes or catheters, and transdermal patches. While 
typically effective for drug delivery, these techniques have certain drawbacks. For instance, the 
effectiveness of orally delivered drugs is often reduced due to degradation caused in the digestive 
system. The use of syringes or catheters typically require administration by a person trained in 
15 their use and are often associated with pain and local damage to the skin. Transdermal patches 
often have limited applicability due to the inability of larger molecules to penetrate the dermal 
layer. 

Another, more recently developed technique includes the use of patches having micro- 
machined needles formed in an array. These patches are typically fabricated to include a very 

20 large number of microneedles configured to penetrate across the dermal barrier. Although these 
patches have been found to be effective in enabling relatively painless drug delivery, they do have 
some shortfalls. For instance, the drugs contained in these patches are delivered at the time that 
these patches are applied onto a user's skin. More particularly, these patches are often designed 
such that the drugs are released into the user's skin through application of force during placement 

25 of these devices. As such, the user is typically required to apply a number of different types of 
these patches at different times during each day to receive prescribed amounts of the drugs 
contained in the patches. This may prove difficult for certain people as they may forget to 
administer certain ones of the drugs. 

Accordingly, it would be beneficial to have a more flexible drug delivery device capable of 
30 delivering a relatively wide variety of drugs on a prescribed delivery schedule. 
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SUMMARY 

A transdermal drug delivery device is described herein. The transdermal drug delivery 
device includes a cassette and a lid that is attachable to the cassette. The cassette includes a first 
reservoir for containing a drug and microneedles for delivering the drug. At least one of the 
5 microneedles is in fluid communication with the first reservoir. The lid includes a power source 
and an electronic device configured to receive electrical energy generated from the power source. 
The drug delivery device also includes a logic device configured to selectively control delivery of 
the electrical energy to the electronic device, whereby delivery of the electrical energy causes the 
electronic device to deliver the drug contained in the first reservoir. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Features of the present invention will become apparent to those skilled in the art from the 
following description with reference to the figures, in which: 

FIG. 1 A shows a simplified cross-sectional side view of a transdermal drug delivery device 
5 according to an embodiment of the invention; 

FIG. IB shows a simplified cross-sectional side view of a transdermal drug delivery device 
according to a second embodiment of the invention; 

FIG. 1C illustrates a simplified plan view of a cassette of the transdermal drug delivery 
device illustrated in FIG. IB; 

1 o FIG. 1 D illustrates simplified bottom view of a lid of the transdermal drug delivery device 

illustrated in FIG. IB; 

FIG. 2 illustrates a block diagram of a control system for controlling a transdermal drug 
delivery device, such as, the ftansdermal drug delivery device depicted in FIGS. 1A-1D, according 
to an embodiment of the invention; 

15 FIGS. 3A and 3B, illustrate simplified schematic illustrations, in cross-section, ofdelivery 

mechanisms according to two embodiments of the invention; 

FIG. 4 illustrates a flow diagram of an operational mode for delivering at least one drug 
with a transdermal drug delivery device, according to an embodiment of the invention; and 

FIG. 5 illustrates a computer system, which may be employed to perform various functions 
20 described herein, according to an embodiment of the invention. 
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DETAILED DESCRIPTION 

For simplicity and illustrative purposes, the present invention is described by referring 
mainly to an exemplary embodiment thereof. In the following description, numerous specific 
details are set forth in order to provide a thorough understanding of the present invention. It will 
5 be apparent however, to one of ordinary skill in the art, that the present invention may be 
practiced without limitation to these specific details. In other instances, well known methods and 
structures have not been described in detail so as not to unnecessarily obscure the present 
invention. 

As described in greater detail herein below, a transdermal drug delivery device includes a 
1 0 power source to supply power and/or current to one or more components of the delivery device. 
A logic device configured to, for instance, determine when a drug contained in the delivery device 
is scheduled to be released may control the power source. In addition, the logic device may also 
control electrical devices, for instance, delivery mechanisms, actuators, switches, multiplexing 
structures, etc., configured to cause the drug to be released. By way of example, the logic device 
15 may receive input from one or more input sources, for instance, timers, sensors, etc., and may 
provide output to the electrical devices. In addition, the logic device may control delivery of the 
electrical energy from the power source to the electrical devices. 

The transdermal drug delivery device also includes a cassette configured with reservoirs. 
The reservoirs may individually hold one or more types of drugs, such that, the drugs contained in 

20 one of the reservoirs may be kept separate from the drugs contained in other reservoirs. In 
addition, the reservoirs may be in fluid communication with an array of microneedles, through 
which the one or more types of drugs may be released from the reservoirs. The microneedles may 
have lengths of between about 1 {imto 1 mm. More particularly, the microneedles maybe sized 
and configured to deliver drugs contained in the reservoirs to a user through a dermal layer of the 

25 user's skin. In addition, a diffusion barrier material may be positioned at an interface between the 
reservoirs and the microneedles to substantially prevent loss of the drugs until the drugs are 
deliberately released. 

The drug delivery device further includes a lid configured to perform a number of 
functions in the drug delivery device. In one respect, the lid is configured to cover the reservoirs 
30 of the cassette to thereby seal the individual reservoirs. The lid may thus, for instance, include 
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seals to substantially prevent leakage of the drugs from the reservoirs and the mixing of drugs is 
different reservoirs. Li another respect, the lid may house the logic device, the power source, and 
the electrical devices, hi addition, the lid may contain conductive pathways for conveying signals 
and power between the logic device, the power source, and the electrical devices. 

5 The lid may be removably attached to the cassette such that the reservoirs may be easily 

accessed. In this regard, the materials, for instance, drugs, electrolytes, or other materials, 
contained in the reservoirs may be added or removed with the lid removed, hi one example, the 
materials may be deposited into their respective reservoirs through any reasonably suitable known 
manner. In another example, the materials may be deposited with a material dispensing device, for 

10 instance, as described in U.S. Patent Application Serial No. XX/XXX,XXX, (Attorney Docket 
No. 200403784-1) entitled "Method For Dispensing Material Into A Drug Delivery Device." As 
described in that patent application, a number of different types of drugs maybe deposited into the 
reservoirs for delivery into a user's skin. 

As stated herein above, the electrical devices may include delivery mechanisms. Generally 
15 defined, the delivery mechanisms comprise devices or actuators configured to cause the drugs 
contained in the reservoirs to be released through the microneedles when the delivery mechanisms 
are activated by the logic device. By way of example, the delivery mechanisms operate to displace 
the drugs contained in the reservoirs by applying force on the drugs and causing the drugs to be 
expelled. 

20 If a diffusion barrier is used to prevent premature delivery of the drugs through the 

microneedles, the delivery mechanisms may include means for rupturing or otherwise deactivating 
the diffusion barrier. For instance, if the diffusion barrier is a thin membrane, the delivery 
mechanism may apply sufficient force to rupture the thin membrane. If the barrier is an 
environmentally sensitive hydrogel, the delivery mechanism may provide environmental stimuli to 

25 shrink the hydrogel to permit the release of the drugs. In this example, the hydrogelmay comprise 
a negatively thermosensitive hydrogel and the delivery mechanism may be configured to apply 
heat to the hydrogel to thereby cause the hydrogel to shrink. Following shrinkage of the hydrogel, 
the hydrogel may be expelled from the reservoir and the drugs may be relatively freely expelled 
from the reservoir. Otherwise, the drugs may pass around the hydrogel to be expelled from the 

30 reservoir. 
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As another example, the delivery mechanism may comprise a heater configured to vaporize 
a liquid, the vaporization of which causes the drugs to be expelled through the microneedles. The 
force created through the vaporization of the liquid may be sufficient to rupture a thin membrane 
positioned at the interfaces between the reservoirs and the microneedles. The liquid in this 
example may be contained in an elastic membrane or an elastic barrier layer may be positioned 
between the liquid and the drugs to substantially prevent the liquid and the drugs from mixing. 

As a further example, the delivery mechanism may comprise an apparatus configured to 
enable the initiation of a chemical reaction which creates sufficient force to cause the drugs to be 
expelled from the reservoirs. For example, the delivery mechanism may comprise an activation 
mechanism that allows the combination of various chemicals. The chemicals may include, for 
instance, baking soda and acetic acid, the combination of which produces carbon dioxide. The 
force created through the chemical reaction may be sufficient to rupture a thin membrane 
positioned at the interfaces between the reservoirs and the microneedles. In addition, the chemical 
reaction may occur in an elastic membrane or an elastic barrier layer may be positioned between 
the chemicals and the drugs to substantially prevent the chemicals and the drugs from mixing. 

In any regard, the power source may comprise any reasonably suitable form capable of 
providing sufficient power and/or current to operate the sensors and the electrical devices of the 
delivery device. An example of a suitable power source may include a thin film battery 
incorporated into the lid of the cassette. Another example is an on-board battery created from a 
number of reservoirs containing electrolytes for providing electrical energy to a number of 
electrical devices configured on the delivery device. Terminals or electrodes are provided around 
the electrolytes to form the power source for the electrical devices. In one respect, the power 
source may become active when the electrodes are contacted with one another, which may occur 
as the lid is placed on the cassette. 

Through implementation of the various examples described herein, the timing at which a 
drug is delivered from a microneedle equipped cassette may be controlled such that prescribed 
amounts of the drug may be administered to a user at various times during one or more days. In 
addition, a plurality of different types of drugs may be delivered to the user at the various times. 
In one regard, a user therefore could receive all of the medication they require for the specified 
time period through application of the transdermal drug delivery device described herein. 
Moreover, the drug delivery device may maintain one or more drugs in a pharmakinetic 
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therapeutic region by delivering relatively small doses at relatively shorter time intervals. The 
drug delivery device may also be employed to accurately time the delivery of the one or more 
drugs to substantially prevent adverse reactions to certain mixing of drugs, to substantially prevent 
accidental over or under dose levels, etc. 

5 With reference to FIG. 1A, there is shown a simplified cross-sectional side view of a 

transdermal drug delivery device 100. It should be readily apparent that the transdermal drug 
delivery device 100 depicted in FIG. 1A represents a generalized illustration and that other 
elements may be added or existing elements may be removed or modified without departing from 
a scope of the transdermal drug delivery device 100. For example, the transdermal drug delivery 

10 device 100 may include additional layers, additional reservoirs and microneedles, etc. 

The transdermal drug delivery device 100 is generally configured to receive and store a 
drug 1 02, which may include various known or heretofore known medicines or other agents. The 
drug 102 may also include medicines that are known to be administered either transdermaHy or 
through other means, such as, orally, subcutaneously, pulmonarily, etc. The transdermal drug 

15 delivery device 100 is also configured to be placed on a user's skin such that the drug 102 
contained in the delivery device 100 may be delivered transdermaHy. In this regard, the 
transdermal drug delivery device 100 may optionally be equipped with adhesives or the like to 
enable the device 100 to remain adhered to the user's skin for a period of time. As described in 
greater detail hereinbelow, the transdermal drug delivery device 100 is equipped wim mechanisms 

20 designed to control the release of the drug 102 into the user's skin at prescribed times. 

The transdermal drug delivery device 100 is illustrated in FIG. 1A as including a cassette 
104 and a lid 106. The cassette 104 includes a substrate 108 having a plurality of reservoirs 110, 
112 formed throughout the substrate 108. The substrate 108 may be constructed from any 
reasonably suitable material. Suitable materials may include, for instance, silicon, metals, 
25 ceramics, polymers, composites and the like. In addition, the substrate 108 may be formed of 
flexible or rigid materials. 

A plurality of microneedles 1 16 are formed on a lower surface of the substrate 108. The 
microneedles 1 16 are formed such that they are in fluid communication with one or more of the 
reservoirs 110 through respective openings 118. As shown in FIG. 1A, however, the 
30 microneedles 1 16 are each in fluid communication with a respective one of the reservoirs 1 10. In 
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any respect, the microneedles 1 1 6 are sized and shaped to penetrate the stratum corneum layer of 
a user's skin. In addition, the microneedles 1 16 include channels 120 having sufficient diameters 
to permit passage of the drug 1 02 contained in the reservoirs 1 1 0 through the microneedles 116. 
In one example, the microneedles 1 16 may have lengths ranging from about 1 fim to 1 mm and the 
5 substrate 108 may include an array of 100 or more microneedles 116. 

The openings 1 1 8 at the interfaces between the reservoirs 1 1 0 and the microneedles 1 1 6 
may be covered with respective membranes 122. Examples of suitable materials for the 
membranes 122 comprise polymers, ceramics, metals, glasses, hydrogels, etc. The membranes 
122 are configured to provide a liquid seal of the reservoirs 110 and to substantially prevent 

10 contamination of the drugs 102 contained in the reservoirs 110. The membranes 122 are also 
configured to rupture or otherwise enable the drugs 102 contained in the reservoirs 1 10 to flow 
through the openings 1 1 8 when desired. In one example, the membranes 122 are configured to 
rupture when at least a predetermined amount of force is exerted on the membranes 122. In this 
regard, the timing of exertion of pressure on the membranes 122 may be controlled to thus control 

15 the release of the drugs 102, as described in greater detail herein below. 

The cassette 104 and the lid 106 may be formed through any number of reasonably 
suitable manufacturing techniques. For instance, the cassette 104, including the reservoirs 110, 
1 12 and the microneedles 116, may be formed using standard MEMS (MicroElectro-Mechanical 
System) manufacturing techniques. In addition, the cassette 104 and the lid 106 may be formed 
20 using other methods known to those skilled in the art. 

The lid 106 may be attached to the cassette 104 to provide a liquid seal of the drugs 102 
contained in the reservoirs 110. In this regard, the lid 106 may be bonded to the cassette 104 
through use of an adhesive (not shown). The adhesive may, for instance, be pressure-activated, 
heat-activated, or the like. In addition, the adhesive may be selected to provide an adequate seal 
25 at the interface between the lid 106 and the cassette 104, such that, any drug 102 that may have 
been released from the reservoirs 1 10 may substantially be prevented from leaking out of the 
transdermal drug delivery device 100. The lid 106 may also substantially prevent the mixing of 
drugs 102 contained in different reservoirs 110. 

As an alternative to the use of adhesives, the lid 106 may be attached to the cassette 104 
30 through other suitable means. For instance, the lid 106 or the cassette 104 may be formed of a 
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material designed to be bonded to the cassette 104 through application of heat, light, or other 
types of energy. As another example, the lid 106 and the cassette 104 may be formed with 
complimentary structures configured to mate with one another and provide an interlocking 
connection between the lid 106 and the cassette 104. 

5 In any respect, the lid 106 may be attached to the cassette 104 following insertion of the 

drugs 102 into the reservoirs 110. In addition, although the lid 106 is shown as being separate 
from the cassette 104, the lid 106 may be integrally formed with the cassette 104. In this instance, 
the lid 106 may be attached to the cassette 104 through use of a hinge (not shown) which enables 
access to the reservoirs 110. 

10 As shown in FIG. 1A, the lid 106 includes a substrate 130 having a plurality of cavities 

132, 134 formed in the substrate 130. The cavities 132, 134 may be formed through any 
reasonably suitable maimer known to those skilled in the art. For instance, the cavities 132, 134 
may be formed through MEMS fabrication techniques, etching, lithography, etc. In any regard, 
the cavities 132, 134 house various components of the transdermal drug delivery device 100. 

15 In the example shown in FIG. 1A, the first cavity 132 houses a logic device 136 and an 

input source 150. Examples of suitable input sources 150 include, for instance, clocks, timers, 
sensors, switches, etc. The input source 150 generally operates as an input source for the logic 
device 136. More particularly, the logic device 136 may employ the information received from 
the input source 1 50 in controlling operations of various electronic devices contained in or on the 

20 delivery device 1 00. Although the logic device 1 36 and the input source 1 50 have been illustrated 
as being located within the first cavity 132, it should be understood that the logic device 1 36 and 
the input source 1 50 may be positioned externally to the lid 106 without deviating from a scope of 
the delivery device 100 described herein. 

The electronic devices may include, for instance, delivery mechanisms 138, which are 
25 illustrated in FIG. 1 A as being housed in the second cavities 1 34. Again, it should be understood 
that part or all of the delivery mechanisms 1 3 8 may be positioned externally to the lid 1 06 without 
departing from a scope of the delivery device 100 described herein. The positioning of the 
delivery mechanisms 138 may be based upon the configurations of the delivery mechanisms 138. 

In any respect, the delivery mechanisms 138 generally operate to enable delivery of the 
30 drugs 102 and may comprise various configui-ations as described in greater detail herein below. 
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As shown, the delivery mechanisms 138 each include an actuating mechanism 140 configured to 
receive electrical energy through conductive pathways 142 formed or contained in the substrate 
130. The electrical energy may be supplied into the conductive pathways 142 from a power 
source 144. The power source 144 may comprise any reasonably suitable power source that may 
5 be housed in delivery device 100. Thus, the power source 144 illustrated in FIG. 1A is for 
purposes of illustration and is not intended to limit the delivery device 100 in any respect. In this 
respect, the power source 144 may be located, for instance, at any position in or on the lid 106. 

In general, the power source 144 may comprise any reasonably suitable form capable of 
providing sufficient power and/or current to operate the sensors and the electrical devices of the 
10 delivery device 100. An example of a suitable power source 144 may include a thin film battery 
incorporated into or positioned on the lid 1 06 of the delivery device 1 00 . Another example, which 
is shown in FIGS. IB-ID, is an on-board battery created from a number of reservoirs 112 
containing electrolytes 1 14 for providing the electrical energy. 

With particular reference to FIG. IB, there is shown a simplified cross-sectional side view 
15 of a transdermal drug delivery device 1 00' according to a second example. Initially, it should be 
understood that elements in FIG. IB having like reference numerals as those depicted in FIG. 1 A 
correspond to the same elements in FIG. 1 A and vice versa. Therefore, a detailed description of 
those like elements are omitted as having already been described with respect to FIG. 1 A. 

As shown, the substrate 108 of the cassette 104 includes reservoirs 112 containing 
20 electrolytes 114. In addition, terminals or electrodes 146, 148 are provided around the 
electrolytes 1 14 to form a power source for the delivery device 100. In one respect, the power 
source may become active when the electrodes 146, 148 are contacted with one another, which 
may occur as the lid is placed on the cassette. In addition, the electrical energy generated from 
the electrolytes 1 14 and the electrodes 146, 148 may be delivered to various electronic devices, 
25 for instance, the delivery mechanisms 138 through the conductive pathways 142. 

The electrolytes 114 and the electrodes 144, 146 may comprise any reasonably suitable 
materials generally known to be used by those skilled in the art to generate electrical energy. In 
this regard, a detailed description of the general mechanics behind the generation of electrical 
energy through use of electrolytes and electrodes is omitted. 
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As additionally shown, the reservoirs 112 have been illustrated without respective 
microneedles 116 because the electrolytes 1 14 are not intended to be ejected from the cassette 
104. However, if microneedles 1 16 are formed beneath the reservoirs 1 12, openings between the 
reservoirs 112 and the microneedles 116 may be capped to prevent leakage of the electrolytes 
5 114. 

Turning now to FIG. 1C, there is shown a simplified plan view of the cassette 104 
illustrated in FIG. IB. It should be readily apparent that the cassette 104 illustrated in FIG. 1C 
represents a generalized illustration and that other elements may be added or existing elements 
may be removed or modified without departing from a scope of the cassette 104. It should also 
10 be understood that the number of reservoirs 1 10, 1 12 depicted in FIG. 1C is not meant to limit the 
cassette 1 04 in any respect but have been so illustrated to provide a thorough understanding of a 
cassette 104 according to one example. 

As shown in FIG. 1C, a number of reservoirs 110, 1 12 are positioned in an array on the 
cassette 104, such that, the cassette 104 may include a relatively large number of reservoirs 1 10, 

15 112. The reservoirs 110 may hold different types of drugs 102. For instance, the reservoirs 1 10 
contained in the outlined section 124 may be configured to hold a first type of drug 102, whereas 
the reservoirs 110 located outside of the outlined section 124 may hold a second type of drug 102. 
In addition, the reservoirs 110 may hold any reasonably suitable number of drugs 102 in any 
reasonably suitable arrangement. In this regard, a single cassette 104 may be used to 

20 transdermally deliver any reasonably suitable number of drugs 102 to a user. In addition, the 
times or frequencies at which the various drugs 102 are delivered to a user may also be controlled. 
Thus, a user who is required to receive various medications at various times during a day, for 
instance, may do so through use of a single cassette 104. 

The electrolytes 1 1 4 are also shown as being arranged in separately formed reservoirs 112. 

25 It should be understood that the number of reservoirs 1 12 containing the electrolytes 1 14 is for 
purposes of illustration and is not meant to limit the transdermal drug delivery device 100 in any 
respect. Instead, any reasonably suitable number of reservoirs 1 12 may be employed to contain 
the electrolytes 114. In addition, the number of reservoirs 112 containing the electrolytes 114 
may be selected, for instance, according to the amount of electrical energy required to operate the 

30 delivery device 100. 
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Referring now to FIG. ID, there is shown a simplified bottom view of the lid 106 
illustrated in FIG. IB. It should be readily apparent that the lid 106 illustrated in FIG. ID 
represents a generalized illustration and that other elements may be added or existing elements 
may be removed or modified without departing from a scope of the delivery device 1 00 described 
5 herein. It should also be understood that the number of components depicted in FIG. ID is not 
meant to limit the lid 106 in any respect but have been so illustrated to provide a thorough 
understanding of a lid 106 according to one example. 

As shown in FIG. ID, a number of cavities 132, 134 are positioned in an array on the lid 
106, such that, the cavities 132, 134 substantially align with respective ones of the reservoirs 1 10, 

10 1 1 2 in the cassette 1 04. hi addition, the electrodes 148 positioned on the lid 1 06 are configured 
to contact respective ones of the electrodes 146 positioned on the cassette 104. In this regard, 
when the lid 106 is positioned on top of the cassette 104, the electrodes 146, 148 and the 
electrolytes 1 14 are configured to generate electrical energy and therefore operate as a power 
source for the drug delivery device 100. As described in greater detail herein below, the electrical 

1 5 energy may be used to power one or more electrical devices, input sources, a logic device, etc., in 
delivering the drugs 102 to a user. 

Although a single logic device 136 and input source 1 50 have been illustrated in FIG. 1C, 
additional logic devices 136 and input sources 150 may be provided in at least one of the 
remaining cavities 132 without departing from a scope of the lid 106. In addition, the number of 
20 cavities 132 may be reduced to thereby create larger cavities 1 32, for instance, in situations where 
at least one ofthe logic device 136 and the input source 150 requires additional space. Moreover, 
the logic device 136, as well as other components illustrated in the lid 106, such as, the input 
source 150, the delivery mechanisms 138, the conductive pathways 142, etc., may be positioned 
externally to the lid 106. 

25 FIG. 2 depicts a block diagram 200 of a control system 202 for controlling a transdermal 

drug delivery device, such as, the transdermal drug delivery device 100. It should be understood 
that the following description ofthe block diagram 200 is but one manner of a variety of different 
manners in which such a control system 202 may be operated to control operations of a 
transdermal drug delivery device 100. In addition, it should be understood that the control system 

30 202 may include additional components and that some of the components described may be 
removed and/or modified without departing from a scope of the control system 202. Moreover, 
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although particular reference is made to the transdermal drug delivery device 100 depicted in 
FIGS. 1 A- ID, it should be understood that the control system 202 may be employed to control 
drug delivery devices having configurations that differ from that illustrated with respect to the 
transdermal drug delivery device 100. 

5 The control system 202 includes a logic device 136 configured to control various 

operations of the delivery device 100. The logic device 136 may, for instance, comprise a 
controller such as a computing device, a microprocessor, a micro-controller, an application 
specific integrated circuit (ASIC), and the like. In general, the logic device 136 may be 
programmed to receive input, to process the input, and to control when to actuate various 

1 0 delivery mechanisms to thereby control when one or more drugs 1 02 are administered to a user. 
The logic device 136 may be further programmed to determine whether one or more drugs 102 
stored in the delivery device 100 may be likely to cause an adverse reaction with one or more 
other drugs 102. If the logic device 136 makes this determination, the logic device 136 may 
ensure that the drugs 102 are delivered at rates to substantially prevent the potential adverse 

15 reaction or to provide an indication of the potential adverse reaction. 

The logic device 136 includes an input/output module 204 configured to receive 
instructions as well as other infonnation from an input source 150. The input source 150 may 
comprise, for instance, a clock, a timer, a sensor, etc. The input/output module 204 may, in one 
regard, function as an adapter for the logic device 1 36 to receive and transmit data. In this regard, 

20 the input/output module 204 may comprise hardware and/or software configured to perform these 
functions. In addition, although the input/output module 204 has been illustrated as forming part 
of the logic device 136, the input/output module 204 may comprise an algorithm stored in a 
memory 208 accessible by the logic device 136. The memory 208 may also generally be 
configured to provide storage of software that provides the functionality of the logic device 136. 

25 The memory 208 may be implemented, for instance, as a combination of volatile and non-volatile 
memory, such as DRAM, MRAM, EEPROM, flash memory, and the like. 

An input device 210 may be used to input instructions into the input/output module 204. 
The input device 210 may comprise, for instance, a user interface terminal, such as, a computing 
device, a handheld computer, a personal digital assistant, etc. The input device 210 may 
30 communicate with the logic device 136 through an interface 212, which may comprise hardware 
and/or software configured to enable information to be transferred in at least one direction from 
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the input device 210 to the logic device 136. The communication between the input device 210 
and the -logic device 136 may be enabled through any reasonably suitable wired or wireless 
protocol. 

The instructions may include, for instance, when a drug contained in the transdermal drug 
5 delivery device 1 00 is to be administered, how often the drag is to be administered, the quantities 
of the drug to be administered, which of the drags contained in which of the reservoirs are to be 
administered at specific times, etc. The input device 210 may also provide instructions to the 
logic device 136 regarding potential adverse reactions through a combination of one or more of 
the drugs 102 contained in the delivery device 100. If the logic device 136 receives these 
10 instructions, the logic device 136 may ensure that the drugs 102 are delivered at rates to 
substantially prevent the potential adverse reaction or to provide an indication of the potential 
adverse reaction. 

The instructions sent from the input device 2 1 0 may be similar to a prescription for person 
required to take one or more drags. These instructions may be programmed into the memory 208 
1 5 and may be stored as an algorithm, a look up table, etc. During operation of the transdermal drag 
delivery device 100, the logic device 136 may access this information in controlling various 
aspects of drug delivery by the transdermal drug delivery device 100. 

The logic device 136 may be programmed following the supply of the at least one drag 
102 into the reservoirs 1 10. The logic device 136 may alternatively be programmed prior to or 
20 during fabrication of the transdermal drug delivery device 100. Thus, for instance, an algorithm 
for controlling the logic device 136 may be pre-programmed. 

The logic device 136 may include a control module 214, which may comprise hardware 
and/or software configured to perform various control functions of the logic device 136. 
Although the control module 214 has been illustrated as forming part of the logic device 136, the 
25 control module 214 may comprise an algorithm stored in the memory 208 accessible by the logic 
device 136. In any regard, the control module 214 may, broadly speaking, operate to receive 
input, process the input, and transmit control signals to act on the processed input. 

In a first example, the input source 150 may comprise at least one of a clock and a timer 
and may transmit timing information to the control module 214. The control module 214 may 
30 process the timing information to determine whether one or more of the delivery mechanisms 
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138a-138n are to be activated to deliver the drugs 102 contained in one or more reservoirs 110. 
More particularly, for instance, the control module 214 may be programmed to deliver the drugs 
1 02 contained in one or more of the reservoirs 1 10 at a particular time or after a particular amount 
of time has elapsed. In this regard, the control module 214 may track the passage of time 
5 determined by the input source 150 to determine when to deliver the drugs 102. In addition, the 
control module 214 may operate to selectively control delivery of electrical energy to particular 
ones of the delivery mechanisms 138a-138n in order to cause the drugs 102 associated with those 
delivery mechanisms 138a-138n to be delivered. 

In a second example, the input source 150 may comprise a sensor configured to detect at 
10 least one condition. In one example, the input source 150maybepositionedto detect at least one 
condition in a user's bloodstream. For instance, the input source 150 may be positioned and 
configured to detect the glucose level in the blood. The input source 150 may also be positioned 
and configured to monitor any reasonably suitable drug or biological marker data. In this 
example, the control module 214 may process the detected condition information and selectively 
1 5 control the delivery of the drugs based upon the detected condition information. For instance, if 
the detected condition information indicates that the glucose level is too high, the control module 
214 may determine that insulin is required to reduce the glucose level. 

In another example, the input source 150 may be configured to detect one or more 
environmental conditions. For instance, the input source 150 may be configured to detect 
20 airborne particulates, such as, nerve agents and other potentially harmful chemicals. In this 
example, the control module 214 may discern the agent and may determine an appropriate 
antidote for the agent, hi this regard, the transdermal drug delivery device 100 may store a 
number of different antidotes for a number of different agents. 

Li either of the examples above, the control module 214 may track one or more conditions 
25 as detected by the input source 150 to determine when to deliver the drugs 102. In addition, the 
control module 214 may operate to selectively control delivery of electrical energy to particular 
ones of the delivery mechanisms 1 3 8a- 1 3 8n in order to cause the drugs 1 02 associated with those 
delivery mechanisms 138a-138n to be delivered. 

Electrical energy may be supplied to the logic device 136, the input source 150, and 
30 various other electrical devices from a power source 216. The power source 216 may comprise 
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any reasonably suitable form capable of providing sufficient power and/or current to operate the 
.sensors. and the electrical devices of the delivery device 100. An example of a suitable power 
source 216 may include a thin film battery incorporated into or positioned on the lid 106 of the 
delivery device 100, as shown in FIG. 1A. Another example, which is shown in FIGS. lB-lD,is 
5 an on-board battery created from a number of reservoirs 112 containing electrolytes 114 for 
providing the electrical energy. 

The control module 214 may control delivery of the electrical energy to various ones of 
the delivery mechanisms 138a-138n. In one example, each of the delivery mechanisms 138a-138n 
may be addressed through use of multiplexers/demultiplexers. The use of 

1 0 multiplexers/demultiplexers is generally known, for instance, to address particular locations on a 
grid through row and column designations and is thus not described in greater detail here. In any 
respect, however, the control module 214 may determine when the delivery mechanisms 138a- 
138n are to selectively receive the electrical energy to thereby cause the drugs 102 contained in 
associated reservoirs 1 10 to be released. As described above, this determination may be made 

15 based upon information received from the input source 150. 

The delivery mechanisms 138a-138n may comprise various forms. Generally defined, the 
delivery mechanisms 138a-138n may comprise devices or actuators configured to cause the drugs 
102 contained in the reservoirs 1 10 to be released through the microneedles when the delivery 
mechanisms 138a-138n are activated by the logic device 136. By way of example, the delivery 
20 mechanisms 138a-138n may operate to displace the drags 102 contained in the reservoirs 1 10 by 
applying force on the drugs 102 and causing the drugs 102 to be expelled. 

In a first example, the membrane 1 22 may comprise a hydrogel configured to shrink under 
various environmental conditions. In this example, the delivery mechanisms 138a-138n may 
comprise elements configured to provide the necessary environmental stimuli to shrink the 
25 hydrogel to permit the release of the drugs 102. For instance, the delivery mechanisms 138-138n 
may comprise heating elements 302 (FIG. 3A) configured to sufficiently increase the temperature 
of the hydrogel to cause the hydrogel to shrink and thereby enable the drugs to be delivered from 
the reservoirs 110. 

In another example, the delivery mechanism 138a-138n may comprise heating elements 
30 302 configured to vaporize a liquid 304, the vaporization of which causes the drugs 102 to be 
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expelled through the microneedles 116. FIG. 3 A depicts a simplified schematic illustration, in 
cross-section, of a delivery mechanism 300 comprising the heating elements 302. The heating 
elements 302 may generally comprise any reasonably suitable device configured to become heated 
to a prescribed level as electrical energy flows through the device. 

5 In the example illustrated in FIG. 3A, when the logic device 136 determines that the 

delivery mechanism 300 is to become activated, the logic device 136 causes electrical energy to be 
supplied to the heating element 302 through the conductive pathway 142. The heat generated by 
the heating element 302 causes the liquid 304 to vaporize and expand in the second cavity 134. 
The vaporization of the liquid 304 causes expansion in the direction shown by the arrow 306. In 

1 o one respect, an interface 308 between the second cavity 1 34 and the drug 1 02 may comprise an 
elastic material configured to defonn as the liquid 304 vaporizes. Alternatively, the liquid 304 
may be substantially encapsulated in an elastic material. In any regard, the force created through 
the vaporization of the liquid 304 may provide sufficient expansion to force the drag 102 to be 
expelled through the microneedle 116. 

15 As a further example, the delivery mechanisms 138a-138n may comprise apparatuses 

configured to enable the initiation of a chemical reaction which creates sufficient force to cause 
the drugs 102 to be expelled from the reservoirs 110. FIG. 3B depicts a simplified schematic 
illustration, in cross-section, of a delivery mechanism 310 comprising these apparatuses. The 
delivery mechanism 310 is illustrated with a first chemical 312 and a second chemical 314 for 

20 purposes of simplicity and not of limitation. Thus, it should be understood that any number of 
chemicals may be employed without deviating from a scope of the delivery mechanism 3 10. Also 
shown in FIG. 3B is an activation mechanism 3 1 6 positioned between the first chemical 3 12 and 
the second chemical 314. The activation mechanism 316 may comprise any reasonably suitable 
device configured to enable combination of the first chemical 3 12 and the second chemical 3 14 

25 through receipt of electrical energy. In addition, the first chemical 3 12 and the second chemical 
314 may be selected from any reasonably suitable elements whose combination creates expansion 
and the application of sufficient force to cause the drag 102 to be expelled from the reservoir 110. 
Examples of suitable chemicals 312 and 314 include, for instance, baking soda and acetic acid, 
the combination of which produces carbon dioxide. 

30 Fn the example illustrated in FIG. 3B, when the logic device 136 determines that the 

delivery mechanism 3 1 0 is to become activated, the logic device 1 3 6 causes electrical energy to be 
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supplied to the activation mechanism 316 through the conductive pathway 142. The receipt of 
electrical energy by the activation mechanism 3 1 6 causes a barrier between the first chemical 3 1 2 
and the second chemical 314 to be removed, thereby enabling the first chemical 312 and the 
second chemical 3 14 to mix. The mixing of the first chemical 312 and the second chemical 3 14 

5 causes expansion in the direction shown by the arrow 306. In one respect, an interface 308 
between the second cavity 134 and the drug 102 may comprise an elastic material configured to 
deform as the mixture expands. Alternatively, the mixture may be substantially encapsulated in an 
elastic material. In any regard, the force created through the chemical reaction between the first 
chemical 3 12 and the second chemical 3 14 may provide sufficient expansion to force the drug 102 

10 to be expelled through the microneedle 116. 

Various manners in which the control system 202 may be employed to deliver at least one 
drug 102 to a user from a transdermal drug delivery device 100 will now be described in greater 
detail with respect to the following flow diagram. 

With reference to FIG. 4, there is shown a flow diagram of an operational mode 400 for 
15 delivering at least one drug 102 with a transdermal drug delivery device 100. It is to be 
understood that the following description of the operational mode 400 is but one manner of a 
variety of different manners in which the at least one drug 102 may be delivered with a 
transdermal drug delivery device 100. It should also be apparent to those of ordinary skill in the 
art that the operational mode 400 represents a generalized illustration and that other steps maybe 
20 added or existing steps may be removed or modified without departing from a scope of the 
operational mode 400. The description of the operational mode 400 is made with reference to the 
block diagram 200 illustrated in FIG. 2, and thus makes reference to the elements cited therein. 

Prior to initiation of the operational mode 400, the reservoirs 1 10 of the transdermal drug 
delivery device 100 may be filled with one or more drugs 102. The reservoirs 1 10 may be filled 

25 through use of any reasonably suitable device capable of filling the reservoirs 1 1 0 with the one or 
more drugs 102. Alternatively, the dispensing device disclosed in U.S. Patent Application Serial 
No. XX/XXX,XXX, (Attorney Docket No. 200403784-1) entitled "Method For Dispensing 
Material Into A Drug Delivery Device", may be employed to dispense the one or more drugs 1 02 
into the reservoirs 1 10. In addition, the dispensing device disclosed in that Patent Application 

30 may be employed to dispense the electrolytes 114 into the reservoirs 112. 
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As shown in FIG. 4, a logic device 136 may be programmed at step 402. In general, the 
logic device 136 may he programmed to control when to actuate various delivery mechanisms 
138a-138n to thereby control when drags 102 contained in various reservoirs 110 are 
administered to a user. In this regard, the logic device 1 3 6 may be programmed to activate a first 
5 delivery mechanism 138a at a first time and to actuate a second delivery mechanism 138b at a 
second time. In addition, the logic device 136 may be programmed at any time before, during or 
after placement of the transdermal drug delivery device 100 on a user's skin at step 404. 

At step 406, at least one condition may be tracked by the logic device 136 from 
information received from the input source 150. The at least one condition may comprise, for 

1 0 instance, timing information from a clock or a timer. In addition, or alternatively, the at least one 
condition may comprise a condition detected by a sensor. In the event that the input source 1 50 
comprises a timing device, the logic device 136 may compare the timing information received with 
a prescribed time to determine whether the prescribed time has been reached at step 408. If the 
prescribed time has not been reached, the logic device 136 may continue to track the lapse of time 

15 at step 406 until the prescribed time has been reached at step 408. If the prescribed time has been 
reached at step 408, the logic device 136 may cause electrical energy to be delivered to one or 
more of the delivery mechanisms 138a-138n to deliver the drugs 102 contained in at least one of 
the reservoirs 110 into the user's skin at step 410. 

In the event the input source 150 comprises a sensor, the logic device 136 may compare 
20 the sensed condition with a prescribed condition to determine whether the prescribed condition 
has been reached at step 408. If the prescribed time has not been reached, the logic device 136 
may continue to track the sensed condition at step 406 until the prescribed condition has been 
reached at step 408. If the prescribed condition has been reached at step 408, the logic device 
136 may cause electrical energy to be delivered to one or more of the delivery mechanisms 138a- 
25 138n to deliver the drugs 102 contained in at least one of the reservoirs 1 10 at step 410. 

In any event, at step 4 12, it may be determined as to whether the operational mode 400 is 
to continue. The operational mode 400 may be continued, for instance, if additional doses of the 
drug 102 or additional drugs 102 are to be delivered to the user. If it is determined that the 
operational mode 400 is to continue, the at least one condition may be tracked again at step 406 
30 and steps 408-412 may be repeated substantially continuously until it is determined that the 
operational mode 400 is to discontinue. In this instance, the operational mode 400 may end, as 
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indicated at step 414 and the transdermal drug delivery device 100 may be removed from the 
user's skin. 

Through implementation of the operational mode 400, a transdermal drug delivery device 
100 may be used to administer one or more drugs to a user at various prescribed times. In this 
5 regard, for instance, the user may apply a single transdermal drug delivery device 100 and may 
receive prescribed amounts of the one or more drugs at the prescribed times. Therefore, the user 
need only remember to apply the transdermal drug delivery device 1 00 and need not be burdened 
with having to remember to take the one or more drugs at the various prescribed times. 

Some or all of the operations illustrated in the operational mode 400 maybe contained as a 
10 utility, program, or a subprogram, in any desired computer accessible medium. In addition, the 
operational mode 400 may be embodied by a computer program, which can exist in a variety of 
forms both active and inactive. For example, they can exist as software program(s) comprised of 
program instructions in source code, object code, executable code or other formats. Any of the 
above can be embodied on a computer readable medium, which include storage devices and 
1 5 signals, in compressed or uncompressed form. 

Exemplary computer readable storage devices include conventional computer system 
RAM, ROM, EPROM, EEPROM, and magnetic or optical disks or tapes. Exemplary computer 
readable signals, whether modulated using a carrier or not, are signals that a computer system 
hosting or running the computer program can be configured to access, including signals 
20 downloaded through the Internet or other networks. Concrete examples of the foregoing include 
distribution of the programs on a CD ROM or via Internet download. In a sense, the Internet 
itself, as an abstract entity, is a computer readable medium. The same is true of computer 
networks in general. It is therefore to be understood that any electronic device capable of 
executing the above-described functions may perform those functions enumerated above. 

25 FIG. 5 illustrates a computer system 500, which may be employed to perform various 

functions described herein. The computer system 500 may include, for example, the controller 
input device 210 and/or the logic device 136. In this respect, the computer system 500 may be 
used as a platform for executing one or more of the functions described herein above with respect 
to the various components of the control system 202. 
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The computer system 500 includes one or more controllers, such as a processor 502. The 
processor 502 may be used to execute some or all of the steps described in the operational mode 
400. Commands and data from the processor 502 are communicated over a communication bus 
504. The computer system 500 also includes a main memory 506, such as a random access 
5 memory (RAM), where the program code for, for instance, the logic device 1 3 6 and/or the input 
device 210, may be executed during Tuntime, and a secondary memory 508. The secondary 
memory 508 includes, for example, one or more hard disk drives 5 10 and/or a removable storage 
drive 512, representing a floppy diskette drive, a magnetic tape drive, a compact disk drive, etc., 
where a copy of the program code for the control system 202 may be stored. 

1 0 The removable storage drive 5 1 0 reads from and/or writes to a removable storage unit 5 14 

in a well-known manner. User input and output devices may include a keyboard 516, a mouse 
5 1 8, and a display 520. A display adaptor 522 may interface with the communication bus 504 and 
the display 520 and may receive display data from the processor 502 and convert the display data 
into display commands for the display 520. In addition, the processor 502 may communicate over 

15 a network, for instance, the Internet, LAN, etc., through a network adaptor 524. 

It will be apparent to one of ordinary skill in the art that other known electronic 
components may be added or substituted in the computer system 500. In addition, the computer 
system 500 may include a system board or blade used in a rack in a data center, a conventional 
"white box" server or computing device, etc. Also, one or more of the components in FIG. 5 may 
20 be optional (for instance, user input devices, secondary memory, etc.). 

What has been described and illustrated herein is a preferred embodiment of the invention 
along with some of its variations. The terms, descriptions and figures used herein are set forth by 
way of illustration only and are not meant as limitations. Those skilled in the art will recognize 
that many variations are possible within the spirit and scope of the invention, which is intended to 
25 be defined by the following claims - and their equivalents - in which all terms are meant in their 
broadest reasonable sense unless otherwise indicated. 
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Claims 

1 . A transdermal drug delivery device (100, 100') comprising: 
a cassette (104) comprising: 

5 a first reservoir (1 10) for containing a drug (102); 

microneedles (116), wherein at least one of the microneedles (116) is in fluid 
communication with the first reservoir (110); 

a lid (106) for covering the first reservoir (1 10), wherein the lid (106) is attachable to the 
cassette (104), said lid (106) comprising: 
10 a power source (1 12, 144); 

an electronic device (138) configured to receive electrical energy generated from 
the power source (114, 144); and 

a logic device (136) configured to selectively control delivery of the electrical energy to 
the electronic device (138), wherein delivery of the electrical energy causes the electronic device 
15 (138) to deliver the drug (102) contained in the first reservoir (1 10). 

2 . The transdermal drug delivery device (100, 100') according to claim 1 , wherein the 
power source (144) comprises a battery (144) integrally formed with the lid (106). 

20 3. The transdermal drug delivery device (100, 100')accordingtoclaiml,whereinthe 

power source (144) comprises a reservoir (1 12) containing an electrolyte material (114), first and 
second electrodes (146, 148), and wherein the first electrodes (146) are positioned on the cassette 
(104) and the second electrodes (148) are positioned on the lid (106), and wherein the first 
electrodes (146) and the second electrodes (148) are positioned with respect to the electrolyte 

25 material (1 14) to enable electrical energy generation when the lid (106) is placed on the cassette 
(104). 

4. The transdermal drug delivery device (100, 100') according to any of claims 1-3, 
further comprising: 

30 an input source (150) configured to supply the logic device (136) with at least one of 

timing and condition ^formation. 
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5. The transdermal drug delivery device (100, 100') according to any of claims 1-4, 
wherein'the electronic device (138) comprises a delivery mechanism configured to apply pressure 
on the drug (102) in response to receipt of electrical energy, said application of pressure being 
sufficient to cause the drug (102) to be expelled from the first reservoir (1 10). 

6. A method (400) for delivering at least one drug (102) with a transdermal drug 
delivery device (100, 100') having a logic device (136), said method (400) comprising: 

programming (402) the logic device (136) to selectively deliver the at least one drug 

(102); 

placing (404) the transdermal drug delivery device (100, 100') on a user's skin; 
tracking (406) at least one condition; 

determining (408) whether a prescribed condition has been reached; and 
delivering (410) the at least one drug (102) into the user's skin with the transdermal drug 
delivery device (100, 100') in response to the prescribed condition being reached. 

7. The method (400) for delivering according to claim 6, wherein the step of tracking 
(406) at least one condition comprises tracking at least one of a timing condition and a sensed 
condition. 

8. The method (400) according to any of claims 6 and 7, wherein a power source 
(114, 144) is provided on the transdermal drug delivery device (100, 100'), the method (400) 
further comprising: 

supplying electrical energy generated by the power source (114, 144) to at least one of a 
timing device (150) for tracking the lapse of time and a sensor (150) for detecting a condition. 

9. A transdermal drug delivery device (100, 100') comprising: 
means for generating (114, 144) electrical energy; 

means for applying pressure (138) onto a drug (102) to thereby cause the drug (102) to be 
delivered, wherein the means for applying pressure ( 1 3 8) is configured to receive electrical energy 
generated by the means for generating (1 14, 144); 

means for controlling delivery (136) of electrical energy to the means for applying (138); 

and 
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means for tracking (150) a condition, wherein the means for controlling (136) receives 
condition information from the means for tracking (136), processes the information, and controls 
delivery of the electrical energy based upon the processed information. 

5 10. The transdermal drug delivery device (100, 1 00') according to claim 9, wherein the 

means for generating (114, 144) electrical energy comprises at least one of a thin film battery 
(144) and electrolyte material (114). 
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